T IE idea that people create an internal model of the external world was proposed by Craik (1943) . The concept of such a 'mental model' has been used since to explain spatial reasoning (e.g., Johnson-Laird, 1983) , analogical reasoning (e.g., Collins & Gentner, 1987 ), text processing (e.g., van Dijk & Kintsch, 1983; Zwaan, Magliano, & Graesser, 1995) , and system understanding (e.g., Kieras, 1988; Norman, 1983; Sebrechts, Marsh, & Furstenburg, 1990) . Mental models can be described as knowledge structures that are used to describe, to predict, and to explain the system or situation that they represent.
Acquiring new mental models and utilizing them successfully are essential for new learning throughout life. Mental models may be necessary for learning to use new technologies, such as computers or online card catalogs, comprehending texts, and even in learning one's way around a new neighborhood. The goal of the present study was to examine the acquisition and utilization of a spatial mental model for both young and older adults.
The development of a mental model to represent information yields several benefits. First, working memory load may be reduced because the information is stored in an organized format and may be retrieved from long-term memory, potentially reducing the amount of information to be actively maintained in working memory. Second, Kieras and Bovair (1984) showed that providing a model of a system that could be incorporated into a mental model resulted in faster learning, better retention, and allowed the user to infer the operating procedures of a system. Such benefits may serve as a means to overcome the well-documented changes in cognition that have been shown to accompany aging. For example, older adults typically have poorer memory for lists of facts (e.g., Cohen, 1990; Gerard, Zacks, Hasher, & Radvansky, 1991) . However, when the information in the lists can be organized into a coherent mental model, such age differences are eliminated (Radvansky, Zacks, & Hasher, 1996) .
Another illustration that possession of a mental model may moderate age-related declines in cognitive functioning has been reported for text comprehension. Age-related differences in narrative processing have been attributed to age-related differences in working memory (Stine, Soederberg, & Morrow, 1996) . However, both young and older adults are able to create a mental model of the text (i.e., a situation model) to aid in comprehension and memory of texts. For example, Radvansky, Gerard, Zacks, and Hasher (1990) demonstrated age similarity in mental model development and use in a text processing task.
In a related study, Morrow, Stine-Morrow, Leirer, Andrassy, and Kahn (1997) had participants memorize the spatial layout of a building prior to reading narrative texts about an individual moving through that building. Morrow and colleagues found that older adults were as able as young adults to use the spatial layout to create a situation model about the narratives. Their data provide additional evidence that, within the context of text processing, the ability to formulate and utilize a situation model remains intact through old age.
The evidence for the maintenance of mental model development for older adults has been measured primarily in the context of verbal materials. Although the participants in the Morrow and associates study were required to memorize the spatial layout of a building, their primary task was to develop a situation model based on the text they were reading. The mental model of the building layout itself was not investigated, except to report that older adults required significantly more trials to learn the layout, and were less accurate in answering questions about it.
The focus of the present research was on the development of a spatial mental model. It is conceivable that the preserved ability to develop a mental model previously observed for older adults is due, in part, to the use of verbal materials. Older adults' verbal abilities are well maintained into old age (see Kausler, 1991 , for a review).
We assessed the development of a spatial mental model because spatial processing is an area wherein older adults have been shown to have serious difficulties (see Salthouse, 1992 , for a review). Research examining spatial ability and memory for spatial arrays (e.g., maps, dioramas) has revealed age-related declines.
For example, Waddell and Rogoff (1981) found that memory for contextually organized spatial information in a panorama was better for middle-aged than older women. Similar research has found consistent age-related differences on spatial memory tasks (e.g., Park, Cherry, Smith, & Lafronza, 1990; Zelinski & Light, 1988) . The differences in spatial memory have been found for stimuli such as buildings drawn on a map (Light & Zelinski, 1983) , line drawings (Park, Puglisi, & Lutz, 1982) , or words and corresponding pictures (Park, Puglisi, & Sovacool, 1983) .
The task we used required participants to acquire a mental model of a "map"-a spatial array of geometric shapes representing buildings. This type of a mental model is most similar to Johnson-Laird's (1983) description of a physical mental model that provides an analogical representation of the external environment.
One of the goals in this research was to assess the ability of young and older participants to acquire a spatial mental model. One common method of assessing mental model acquisition is to assess the participant's ability to describe the system, event, or situation of interest. However, this may not be sufficient. That is, even if a participant can describe or recreate a spatial layout or system, that only demonstrates possession of basic information, not possession of a mental model. To ensure accurate acquisition of a mental model, a participant must be able to describe the spatial layout as well as be able to predict and to explain based on his or her mental model. The acquisition of a mental model involves a deeper level of understanding than just a simple description. Such understanding may involve explaining or making predictions about the system, event, or situation represented by the mental model. Ensuring the acquisition of an accurate and reliable mental model becomes important when comparing young and older adults to determine age-related differences in mental model utilization.
There were thus three major components of the study: (a) Acquisition-can older adults acquire mental models as well as young adults? (b) Utilization-once acquired, do young and older adults use mental models equivalently? and (c) Extension -once acquired, are young and older adults equally capable of updating and extending their mental model with new information? These components were examined using a spatial memory task. The task was constrained so that all participants were expected to acquire the same basic knowledge structure.
The participants were required to learn a map that consisted of nine buildings (see Figure 1) . Nine buildings were chosen because that is the limit of working memory load. Acquisition was assessed by how well the participants could reconstruct the map, answer questions about the relationships among the buildings (relation questions -see Figure 2 ), and answer questions about how to travel from one building to another (direction questions-see Figure 3 ). Reconstruction of the map demonstrated the participants' ability to use their mental model to describe it, the relation questions required the participant to be able to explain the relationships between the buildings, and the direction questions required the participant to be able to predict how to travel from one building to another. Participants were required to demonstrate all facets of a mental model-describing, predicting, and explaining-before they were assumed to have acquired an accurate mental model.
Once a participant reached criterion (i.e., could successfully reconstruct and answer relation and direction questions), uti- lization of their mental model was assessed. In the utilization phase, participants had to use their acquired mental model to make novel inferences about the map. Success in extending their mental model was assessed in the extension phase, wherein participants had to update their mental model based on new information about new buildings on their map and then make inferences using this new information. The extension phase allowed the assessment of whether the mental model could be useful in extending the capacity of working memory.
To summarize, the three phases of the experiment allowed the assessment of age-related differences in mental model acquisition, utilization, and extension. A stringent acquisition criterion was imposed to enable us to compare utilization performance for young and older adults who had acquired an equally robust mental model. The extension phase allowed us to assess age-related differences in the ability to incorporate more information into one's model and in the use of such an extended model to draw inferences.
METHOD

Participants
Eighty young adults and 80 older adults participated in the three phases of the experiment-each age group consisted of 51 women and 29 men. The young adults ranged in age from 18 to 31 years (mean age = 20.9, SD = 3.48) and were recruited from a pool of introductory psychology students. They received course credit for their participation. The older participants were healthy, community-dwelling adults ranging in age from 60 to 79 years (mean age = 70.20, SD = 3.86). They received monetary compensation ($30.00) for their participation as well as reimbursement for parking expenses. All participants were screened for health problems that might alter their performance. The young and older adults all had corrected or uncorrected binocular visual acuity of at least 20/40, both near and far.
Participants were asked to rate their health on a scale from 1 (excellent) to 5 (poor). The ratings did not differ between young (M = 1.80, SD = .74) and older adults (M = 1.91, SD = .75). There was a significant age difference in education with the older adults (M = 14.39, SD = 2.65) having a slightly higher education level than the young adults (M= 13.20, SD = 1.22), who were primarily freshmen.
Stimuli and Apparatus
The map that the participants were required to learn consisted of streets and buildings (see Figure 1) . The map was arranged in a 3 X 3 grid, that is, three buildings across and three buildings down, with streets between the buildings. The buildings were brown and were placed on a green "grass" background with black streets. Participants were instructed to imagine that they were looking down on the map, as if flying in an airplane, or looking down on city streets from a high building. Thus, participants were to expect to see the outline or shapes of the buildings. The nine buildings were represented by geometric shapes. The shapes of the buildings were chosen to be easily differentiated, with each building shape unique. North, south, east, and west indicators were available throughout the experiment on the exterior of the computer screen. All stimuli were presented on IBM PS/2 computers with color monitors. The experiment was programmed using Borland Turbo Pascal.
Procedure
Table 1 outlines the procedure. Participants were first given an opportunity to practice using the relevant computer keys (i.e., the cursor keys, the place key, and the remove key) described later. In practice, the participants saw nine colored boxes in a 3 x 3 grid on the left of the screen, and nine matching colored circles on the right of the screen. The task was to place each of the colored circles into the matching colored box on the left. Participants were able to move around the boxes by pressing a yellow key that moved a yellow cursor. They were able to move around the circles by pressing a blue key that moved a blue cursor. The participants had to select a box, select a circle of the same color, and then press a key that was labeled "place" to move the circle into the box. If a participant incorrectly placed a circle, it could be removed by pressing a key labeled "remove" that put the circle back on the right side of the screen. The participants had to correctly place all nine circles before they were able to continue. When they had successfully done this once, they were required to do it again to ensure that they had learned the keys. ACQUISITION PHASE In the acquisition phase, participants were required to learn the map and answer a series of relation and direction questions (described later) about it until they had reached a criterion of 100% accuracy on each of the three types of questions. That is, they had to perfectly reconstruct the map and answer all relation and direction questions correctly.
There were two components of the acquisition phase: study and test. Participants began the study phase by learning the layout of the map such that they could give someone else directions based on it, and by gaining a clear understanding of the directional interrelationships between the buildings.
The map was presented on the computer, and the participants were allowed to study it for one minute (see Appendix, Note 1). Once the study component was completed, the participants were administered the digit-symbol substitution (DSS) and vocabulary tests as distractor tasks before the test component. If a participant returned to the study component multiple times, alternate versions of the DSS and vocabulary tests were used as necessary. A single trial consisted of steps 2 through 8. If the participant was able to reach a criterion of 100% for reconstruction, relation questions, and direction questions in the first trial, then they proceeded to step 9, else they completed another trial beginning with step 2. Steps 2 through 8 (excluding steps 5 and 7) repeated up to five trials. Next the participants completed the test component, which consisted of three tasks: reconstruction, relation questions, and direction questions. For reconstruction, the participants were presented with a blank version of the map on the left side of the screen. The blank version consisted of the green grass and the streets that the buildings had been placed on in the study map. In addition, the nine buildings were presented on the right side of the screen in random order. The participants were required to place the buildings where they belonged on the map. This was accomplished by using the procedure for practice as described previously. Participants could move a yellow cursor around the positions on the map, and they could move a blue cursor from building to building. To reconstruct the map, the participant had to choose a position on it, choose a building on the right, and then press the key labeled "place." This moved the building onto the map. If the participant wanted to remove a building that had been mistakenly placed, the participant simply pressed the key labeled "remove." Participants were instructed that there was no time limit for reconstruction. A prompt at the bottom of the screen instructed the participant to press the enter key when they were finished placing the buildings. When the participant pressed the enter key, a prompt appeared that asked if they were sure that they were finished. The participant responded yes by pressing a key labeled "Y" or no by pressing a key labeled "N." This prevented the participant from hitting the enter key in error before they were satisfied with their placement of the buildings.
After reconstruction, participants were given two types of questions: relation questions and direction questions (see Figures 2 and 3 ). These questions concerned adjacent buildings as well as buildings that were nonadjacent by one, that is, one building removed either directly vertically or directly horizontally (in other words, the questions only concerned north, south, east, or west directions). The order of presentation of these questions was counterbalanced across participants. The participants completed 24 questions of each type, chosen as follows. On each trial, for both question types, the participants answered all of the possible questions that included adjacent buildings (12 total). In addition, the participants answered 12 of the 24 possible questions that included nonadjacent buildings. These 12 questions were chosen randomly from the pool of 24 questions on each trial, and for each question type.
There is an important difference in the difficulty level between the relation and direction questions. The relation questions require recognition of the relationship between the buildings, hence they are less complex and less difficult than the direction questions. The direction questions require the participant to recall both the direction and distance required to travel from the buildings in question. The direction questions are thus more complex.
At the end of all three types of questions, a screen appeared that indicated whether the participants had answered all the questions correctly. If they had reached this criterion on each of the three portions of the testing phase, they could move on to the next phase of the experiment. However, if the participants did not reach the criterion on all or any one portion, they returned to the study component. Then the entire study-test cycle was repeated. If a participant did not reach criterion on all portions after five cycles, it was assumed that they had not acquired a robust mental model. These participants continued to the utilization phase, however, their data were analyzed separately. Following the acquisition phase, all participants took a ten-minute break. UTILIZATION PHASE Once participants successfully completed the acquisition phase, they then moved on to the utilization phase. In this component, the participants were required to make new inferences based on their acquired mental model. They answered relation and direction questions using the same procedure as during the acquisition phase. However, the relation and direction questions on this test were more difficult and required more extensive use of the mental model. These questions concerned buildings that were nonadjacent and were positioned diagonally as well as only vertically or horizontally. In other words, these questions included buildings that were northwest, northeast, southwest, and southeast. The degree of adjacency varied; some questions involved buildings that were nonadjacent by one building, whereas other questions involved buildings that were nonadjacent by two buildings. These questions were novel and required the participant to make inferences about the interrelationships between the buildings. Each participant answered 18 relation questions and 18 direction questions chosen randomly from the pool of 36 possible questions for each type. EXTENSION PHASE In the extension phase, the working memory demand was further increased by the addition of new buildings to the map. Two separate extensions were made: extension three, involving three new buildings located to the north of the map, and extension seven, involving four additional new buildings to the west of the map (this extension is referred to as extension seven because now there were a total of seven new buildings).
For extension three, participants were shown three new buildings and were instructed that these buildings were located directly to the north of their map (see Figure 1 ). Participants were allowed to study the new segment of their map for two minutes (see Appendix, Note 2). Then the new buildings were removed and the participants had to answer 18 relation and 18 direction questions about the new buildings and their previously learned map. For each question type, six questions were randomly chosen for each of the new buildings, for a total of 18 (to equate the number of questions to the utilization phase).
For extension seven, participants were shown four new buildings and given instructions that these buildings were located to the west of the previously learned map (see Figure 1 ). This phase is referred to as extension seven because participants had to incorporate the original model with seven new buildings (three from extension three, plus four more). Participants were allowed to study the new segment of their map for two minutes (see Appendix, Note 3). Then the new segment was removed, and participants were asked 18 relation and 18 direction questions. For each question type, the questions involved the four newest buildings, the extension three buildings, and the original buildings. For each of the new buildings, four questions were randomly chosen that included that building, for a total of 16 questions. An additional two questions were chosen for a total of 18 (to equate the number of questions to the utilization phase).
The participants then completed a final reconstruction, wherein they were presented with a blank version of the map on the left side of the screen. The blank version consisted of the green grass and the streets that the buildings had been placed on for all the buildings. The sixteen total buildings were presented on the right side of the screen, in random order. The par-ticipants were required to place the buildings where they belonged on the map. This was accomplished by using all keys and the same procedure described earlier for reconstruction.
Abilities Testing
After the completion of both the acquisition and utilization phases, all participants returned on a separate day for a session of abilities tests (see Table 2 ). Two measures of each of the following cognitive abilities were administered: working memory, spatial ability, fluid intelligence, crystallized intelligence, and perceptual speed. The two scores for each ability were averaged to create a composite score. The overall pattern of results is consistent with mat typically reported in the literature (Rogers, Fisk, & Hertzog, 1994 ; see Table 3 ). All of the ability measures were administered during the abilities testing period, except the DSS and the vocabulary test, which were administered as described earlier.
RESULTS
Acquisition Phase
An initial question of interest was whether young and older adults could reach criterion on this task, indicating that they had acquired the mental model. Seventy-three of the young adults (91%) and 50 (62%) of the older adults were able to reach criterion in the acquisition phase. That is, within any one single trial, they were able to reconstruct the map perfectly, as well as correctly answer 24 relation and 24 direction questions. A chisquare analysis indicated that there was a significant difference in the number of young participants who met criterion versus the number of older participants who met criterion (x 2 = 4.3008, p <.05). The data for the 7 young adults and 30 older adults who were not able to reach criterion within the five trials allowed will be discussed separately.
In addition to the overall number of trials to criterion, we were also interested in how many trials participants required to pass any one component; that is, the number of trials required to correctly reconstruct the map (trials to pass reconstruction), to correctly answer all relation questions (trials to pass relation questions), and to correctly answer all direction questions (trials to pass direction questions). These data for the young and older adults who reached criterion are presented in Table 4 . For each component individually, and for the overall trials to criterion, the young adults were able to reach criterion earlier than the older adults. Analyses of variance (ANOVAs) revealed that the age difference was significant for each component. Thus, even when comparing only those participants who reached criterion, the older adults required more trials to acquire the spatial mental model. (Ekstrom et al., 1976) Alphabet Span (Craik, 1986) Raven's Advanced Progressive Matrices (Raven, Court, & Raven, 1983) Space Relations (The Psychological Corporation, 1990) Letter Sets (Ekstrom etal., 1976) Computation Span (Salthouse & Babcock, 1991) Information (Wechsler, 1981) Mental Rotations (Ekstrom et al., 1976) Digit Symbol Substitution (Wechsler, 1981) Extended Range Vocabulary (Ekstrom et al., 1976) Perceptual Two to nine words were presented orally. Recall the words in alphabetical order. Three trials were presented at each level. Score was the total number recalled for perfect trials.
Examine a pattern both across and down and determine what a missing figure must look like in order to fit in the pattern. Choose missing pattern from eight possible choices. Score was number correct.
Consisted of patterns with shading or designs on them, which could be folded to make three-dimensional shapes. Each pattern was followed by four three-dimensional figures. Participant chose the one figure which could correctly be made from the pattern. Score was number correct.
Examine five sets of four letters and determine what rule made four of the sets alike in some way. Draw an X through the letter set which did not fit the rule. Score was number correct.
Solve simple arithmetic problems while remembering the last number of each problem. One to seven problems were presented prior to recall with three trials at each level. Score was number recalled for trials that were correctly solved.
Give short answers to general information questions. Participant answered questions in a word or a short sentence. Score was number correct.
Examine an example figure and determine if test figures are simply rotated or flipped. Score was number correct.
Consisted of a digit symbol key (e.g., 1=X). Fill in the appropriate symbol for 100 digits. Score was number correct.
Choose the synonym for words given, from five available choices. Score was the number correct for two 24-item parts.
a Digit Symbol Substitution and Extended Range Vocabulary were administered during the mental model acquisition phase as described in the procedure section. As mentioned previously, the ability to describe (i.e., reconstruction) is used commonly as the only measure of mental model acquisition. As can be seen in Table 4 , fewer trials were required to pass reconstruction than were required to reach criterion for any of the other components. An age (young or older adults) x pass variable type (pass reconstruction, pass relation questions, and pass direction questions) ANOVA revealed an age by pass variable type interaction (F[ 1,121] = 30.32, MSE = 2.31,/? <.001). Follow-up contrasts for pass reconstruction, pass relation questions, and pass direction questions revealed that for both the young and older adults pass reconstruction was significantly different from both pass relation and pass direction (allps < .001). In other words, participants were able to reach criterion for the reconstruction component faster than for either the relation or direction question component. However, as is evident in Table 4 , the difference is larger for the older adults, hence the interaction. Simply assessing the participant's descriptive ability for the spatial layout may not be a complete measure of mental model acquisition, given that participants were able to reconstruct (describe) the map long before they could use their mental model to explain and predict the relationships between the buildings. More sensitive measures such as a participant's ability to predict and explain must also be assessed in order to assure that a participant has a robust mental model.
Utilization Phase
Following the acquisition phase, participants completed the utilization phase, in which they answered questions that required them to use their mental model to make inferences they had not previously made about the map. These questions included northeast, northwest, southeast, and southwest relationships between the building (acquisition questions only included direct north, south, east, and west relationships). The participants completed 18 relation questions and 18 direction questions in the utilization phase. Thus, the variable of interest was the number of questions correctly answered for each question type. The mean number of correct relation questions for the young adults was 16.97 (SD = 2.11), and for older adults it was 17.14 (SD = 1.10). An ANOVA showed that this was not a significant difference (p = .61). The mean direction question score for the young adults was 17.29 (SD = 1.01), and for the older adults it was 16.58 (SD = 2.82). This difference was significant (F[l,122] = 3.88, MSE= 14.86,/? < .05).
As expected, both young and older adults who had acquired a robust mental model were able to do very well on the utilization questions. That is, they were able to use their mental model to make novel inferences about the relationships between the buildings. For the relation questions, young and older adults utilized their mental model equally well. For the more difficult direction questions there was a significant age difference, although the older adults were still 92% correct on these questions.
An inherent limitation in accuracy-based measures is the potential for ceiling effects. However, in this design, if both age groups had acquired successfully a spatial mental model, and were equally able to use it, then perfect performance would be expected and desired. That is essentially what the results indicate for the relation questions. There remains the possibility, however, that a ceiling effect is masking potential age-related differences in performance. This problem may be addressed in future research by increasing the difficulty of the utilization questions.
Extension Phase
Extension Three Model.-Following the utilization phase, the participants were shown three buildings and instructed that the buildings extended their map to the north. The participants then answered 18 relation questions and 18 direction questions. The mean number of correct relation questions for the young adults was 17.22 (SD = 1.74), and for the older adults, the mean was 17.42 (SD = .859). This difference was not significant (p = .45). For the direction questions, the mean score for the young adults was 17.01 (SD = 1.89), and for the older adults the mean . Thus, the more working memory, intensive, direction questions yielded significant age differences in performance, although the older adults did achieve 87% correct on these questions.
Extension Seven Model.-For the extension seven model, the participants were presented with four new buildings and told that these extended their model to the west of their original map and extension three. After they studied these buildings, they answered 18 relation questions and 18 direction questions. The mean score for the young adults' relation questions was 16.74 (SD = 2.05), and for the older adults the mean score was 16.50 (SD = 1.64), which was not significant (p = .49). For the direction questions, the mean score for the young adults was 14.93 (SD = 3.5), and for the older adults, the mean score was 12.34 (SD = 4.36). This difference was significant (F[l,122] = 13.27, MSE = 199.29, p < .001). As on the extension three questions, this age difference may be due to the working memory, intensive nature of the direction questions. However, just as in extension three, for the relation questions, the older adults who did reach criterion were able to do as well as the young adults who had reached criterion, even given the extra working memory load of seven new buildings.
Final Reconstruction
The last task completed by the participants required them to reconstruct the entire map (i.e., correctly place all 16 buildings on the map). The mean score for the young adults was 15.75 (SD = 1.88), and for the older adults it was 15.64 (SD = .851). Clearly, both the young and older adults were able to reconstruct the entire model very well (98% correct), and there was not a significant age difference (p =.69).
The participants reconstructed the entire map during final reconstruction, even though they had never actually seen the entire map together on the screen. Performance on the final reconstruction test provides another example of how participants were able to (almost) perfectly describe their model, though they still made some errors in the utilization of that model. Moreover, both young and older participants were able to do very well on final reconstruction, even though there were age differences in the ability to answer direction questions about the extended model.
Ability Measures
Correlations for the ability measures and mental model performance for the entire sample of young and older adults who met criterion are presented in Table 5 . Correlations were considered significant only at the .01 level, to control for Type 1 error. Acquisition performance was significantly correlated with perceptual speed, working memory, spatial ability, and fluid intelligence, indicating that individuals high in those abilities were better able to acquire the spatial mental model. Only crystallized intelligence was not significantly correlated with acquisition. For the utilization phase, the only significant correlation was for fluid intelligence with direction questions. For extension, there were significant correlations of working memory, spatial ability, and fluid intelligence for direction questions, primarily in the extension seven phase. Thus, once the spatial mental model was acquired, correlations with abilities were only evident for the more difficult direction questions during utilization and extension.
Given the extreme groups design, whereby we only tested young adults and older adults, it is important to assess the correlations of abilities with performance within each age group. For the young adults, only fluid intelligence yielded significant correlations with the trials to criterion (r = -.28) and the relation questions (r = .34) during the extension phase. For the older adults, the only significant correlation was between fluid intelligence and performance on the extension seven direction questions (r = .47).
The pattern of correlational relationships suggests that be- tween-age-group differences in abilities were related to between-group differences in acquisition, utilization, and extension of the spatial mental model. Within an age group, there were few significant relationships of abilities and performance.
Participants Who Did Not Reach Criterion
Seven young adults and 30 older adults did not reach criterion. Table 6 presents comparisons between these participants and those who did reach criterion on the demographic variables (education, sex, and health) and the ability measures. For the young adults, there were no significant differences in the demographic or ability variables. For the older adults, there were no demographic differences; however, those older adults who met criterion had significantly higher scores for working memory, fluid intelligence, and crystallized intelligence than those who did not.
A regression analysis was conducted to determine if ability performance was predictive of successful mental model acquisition. The ability constructs were the predictors, and criterion success (met vs not met) was the dependent variable. Stepwise regression was used because the abilities were intercorrelated and the analysis was exploratory. The amount of variability accounted for was slight, however the results revealed that fluid intelligence was the strongest predictor of performance (/3 = -.395, p < .01), and that none of the other abilities or age significantly increased the predicted amount of variance (p > .05). Of course, working memory, spatial ability, and fluid intelligence are likely to be interrelated abilities (e.g., Kyllonen & Tirre, 1986 ). This collinearity is evident when the regression analysis was conducted for the older adult group alone. In this analysis, the only significant predictor was working memory {(5 = -.306, p < .01).
(With only seven young adults who did not reach criterion, a separate analysis for them was not appropriate.)
The data for acquisition, utilization, and extension variables for the participants who did and did not meet criterion are also presented in Table 6 . Comparisons could not be made for the trials to pass relation questions, trials to pass direction questions, or trials to pass overall criterion, because these variables are meaningless for the participants who did not reach criterion. However, trials to pass reconstruction were included because all participants were able to pass reconstruction, even those who did not reach overall criterion. Note that trials to pass reconstruction did not differ for either the young or older adults. This is another indication that description alone is not the best indicator of mental model acquisition.
For the young adults, there were significant differences between the scores for extension three direction questions, extension seven direction questions, and for final reconstruction. For the older adults, there were significant differences between the scores for utilization relation questions, utilization direction questions, extension three relation and direction questions, extension seven direction questions, and for final reconstruction. Thus, participants who did not meet criterion were able to successfully reconstruct the model, though they had difficulty utilizing and extending that model.
We must be cautious in interpreting the data for the participants who did not meet criterion. Five of the seven young adults who did not reach overall criterion would have met criterion had the criterion level for the relation and direction questions been lowered by one question. Two more participants would have met criterion if they had been allowed two errors on each question type. In addition, 21 of the 30 older adults would have met criterion if the criterion level for the relation and direction questions had been lowered by one question. An additional four of these participants would have met criterion if the criterion had been two errors total. Thus, although many of these participants did not reach the strict criterion, they did know the map very well and their performance may not be representative of someone who truly did not acquire the model. Future research is required to determine if the strict criterion is necessary for successful development of a mental model.
DISCUSSION
Mental models provide organizing structures with which we can interpret the world. The ability to develop, utilize, and extend such models was assessed for young and older adults. Seventy three (91%) of the young adults and fifty (62%) of the older adults were able to acquire a mental model of the map. That is, they were able to reach a criterion that required them to describe the map perfectly (reconstruction), to explain the relationships between the buildings (relation questions), and to make predictions about how to travel from one building to another (direction questions). Although a majority of the older adults did acquire a mental model, 38% did not. Individual differences in abilities were related to successful mental model development for older adults. For example, working memory, fluid intelligence, and crystallized intelligence differed between participants who did and did not reach criterion. The regression analysis for the older adults revealed that working memory differences were most predictive of reaching criterion. Understanding the source of the difficulty for those individuals who did not meet criterion may help us to understand what abilities are required for mental model acquisition, as well as how best to train individuals to acquire them. Future work should attempt to determine whether older adults with higher abilities are somehow able to compensate for age differences in acquiring a mental model. The present data have implications for issues of measuring mental models for all age groups. Of the 7 young and 30 older participants who were not able to pass criterion, (thereby according to the criterion here, not able to develop a mental model of the map) all were able to correctly reconstruct the map. Thus, past mental model research that only required participants to describe the model before testing utilization may not have imposed a strict enough criterion. For example, Sebrechts and colleagues (1990) presented participants with texts about a system, and then tested their mental model acquisition by asking questions that only required a description of the system. Their results suggested that a mental model was not very useful to their participants in understanding specific components of the system, but that participants had only a general understanding of the system. However, their participants may not have actually acquired a robust mental model. Prior to concluding that mental models are not useful for a particular system, future studies should ensure that the participants have truly acquired a mental model before attempting to test utilization.
The issue of ensuring equivalent mental model acquisition is critically important in research that examines age differences. In the present study, there were age differences in the rates of acquisition and the number of young and older adults who were able to reach criterion. However, once the mental model was acquired, the older adults performed as well as the young adults on the relation questions, and nearly as well on the direction questions. Thus, both young and older adults were able to make the inferences required to answer the utilization questions, indicating that they had developed a robust mental model.
The present results extend our understanding of mental model acquisition for older adults. Previous research had demonstrated an intact ability for older adults to acquire a mental model in the context of verbal materials; either through fact acquisition (e.g., Radvansky et al., 1996) , or through text processing (e.g., Morrow et al., 1997; Radvansky et al., 1990 ). Our data demonstrate an intact ability for mental model acquisition within the context of spatial materials, at least for a subset of the older adults. Such success is particularly impressive given the well-documented declines for older adults on spatial tasks (e.g., Salthouse, 1992) .
